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rrhe relationship between chemical structure and sensitizing capacities of
simple chemicals has long been a subject of speculation and experimentation.
Among the earliest careful work was that of Landsteiner, Chase and their col-
laborators in ani,mals and of R. L. Mayer (paraphenylenediamine and related
compounds), and of Sulzberger and Baer (1) in man (nitrobenzenes).
More recently at the meeting of the Society for Investigative Dermatology
held at Chicago, Illinois, June 13, 1944, two investigations were reported, both
carried out with the same purpose in view. Although the approaches to the
problem were different, both Rothman, Orland and Flesch (2) and Rostenberg
and Kanof (3), sought to prove that there was a group specificity in epidermal
allergy which was dependent on the spatial molecular structure of the allergen.
Rothman and his co-workers took advantage of the opportunity to carry out
tests on a dentist who had a sensitivity to procaine. They used many related
local anesthetics and found that their subject reacted only to patch tests with
a group of para-aminobenzoic acid esters containing a secondary or tertiary amine
in the side chain. In a footnote to the published article they reported a second
subject sensitive to procaine who reacted in exactly the same way.
Rostenberg and Kanof used human subjects, whom they had previously
sensitized to 2:4 dinitrochlorobenzene. They tested these subjects with struc-
tural isomers of that chemical, and with other chemicals less closely related
(structurally) to the original sensitizing substance. Their results showed that
the more nearly the molecular structure of the substance tested approached
that of the chemical to which the subjects were originally sensitized, the higher
was the percentage of positive reactors.
Rothman and his co-workers called attention to previous investigations in
some of which a group sensitivity was found, although not the same as in the
case they studied, and in some of which there was no apparent group relationship
at all. Despite this, in the discussion that followed, it was suggested that this
work might point the way to predicting what substances an individual may be
sensitive to other than the one to which this person is already known to react.
Because of this it seems important to carry out tests and record the results on as
many individuals as can be found who are known to be sensitive to one or more
members of this group. Only in this way can we determine the frequency with
* From the Division of Dermatology of the Yale University School of Medicine.
Received for publication February 17, 1947.
403
404 THE JOIJRNAL OF INVESTIGATIVE DERMATOLOGY
which group sensitivity occurs in persons who have a spontaneously appearing
sensitivity. The approach of Rostenberg and Kanof holds the possibility
of making their figures statistically more valid by increasing the number of sub-
jects tested but even in the number already reported by them there was an ap-
preciable variation in the group reactions. It was in the hope of adding another
case to those of Rothman, Orland and Flesch that the following investigation
was undertaken.
Case 1. A thirty-year-old physician had developed, about 18 months previously, a
dermatitis of both hands and forearms. He had had frequent contact with pontocaine be-
ginning about 15 months before the onset of the dermatitis There was no known contact
to other local anesthetics except cocaine and procaine. He was known to have had procaine
injected twice for extraction of teeth about ten years before. No reaction occurred at
that time. Routine patch testing with many substances with which he came in contact
revealed only a strong reaction to pontocaine.
Tests were then carried out using the drop method exactly as described by Rothman
and his co-workers. The following substances, most of which were kindly supplied by Dr.
Rothman, were used: para-amino phenol, phenacaine, n-propyl ester of para-amino benzoic
acid, apothesine, n-amyl ester of para-amino benzoic acid, procaine, tutocaine, intra-
caine, iso-butyl ester of para-amino benzoic acid, para-phenylenedianiine, monocaine,
iso-propyl ester of para-amino benzoic acid, stovaine, metycaine, alypin, nupercaine,
diothane, orthoform, larocaine, n-butyl ester of para-amino benzoic acid, benzocaine, butyn
sulphate, triethylamine hydrobromide and pontocaine. All were used in a concentration
of 2} per cent, and the tests were carried out in two locations, the back and the flexor surface
of the forearms. In each location there was an area of erythema and edema 24 hours later
at the place where pontocaine had been applied but at no other. Because the pontocaine
was in aqueous solution and many of the bases were dissolved in triethanolamine the tests
were repeated with aqueous solutions as far as possible. They were done both on the fore-
arms and on the back. Again the only positive reactions appeared at the site where ponto.
caine had been applied. Two weeks later the same solutions were applied as standard
patch tests. The patches were allowed to remain on for 24 hours and the tests read 48 hours
after removal of the patches. A severe reaction appeared where pontocaine was used and
an area of erythema and edema where apothesine was applied. There was no reaction at
any other place. This completely unexpected result made it seem important to repeat
these tests. The following substances were used: procaine, larocaine, tutocaine, mono-
caine and pontocaine all of which would be expected to give positive reactions, if this
subject were to fit into the pattern suggested by Rothrnan, and diothane, stovaine, mety-
caine, intracaine and apothesine all of which would be expected to give a negative reaction.
Care was taken to put the test with apothesine at a different site from that used in the
previous series. Again there were two positive reactors, pontocaine and apothesine.
Case . A twenty-eight-year old dentist who presented a dry type of dermatitis of the
tips of the first three digits of both hands gave a history of having used several local anes-
thetics: monocaine, butyn, pontocaine and procaine. Procaine had been used most often.
Preliminary testing indicated that his reactions might fall into the same pattern as those of
the patient presented by Rothman and his co-workers. Accordingly the following materials
were applied to the patient's back in the manner used for standard patch tests: intracaine,
n-amyl ester of para-amino benzoic acid, benzocaine, iso-butyl ester of para-amino ben-
zoic acid, triethylamine, iso-propyl ester of para-amino benzoic acid, monocaine, orthoform,
n-hutyl ester of para-amino benzoic acid, triethylamine hydrobromide, diothane, phena-
caine, apothesine, para-amino phenol, nupercaine, para-phenylene diamine, triethanol-.
amine, metycaine, n-propyl ester of para-amino benzoic acid, larocaine, butyn sulphate,
alypin, tutocaine, pontocaine, stovaine and procaine. The patches were removed 24 hours
after application and the tests read 48 hours after removal. Procaine and tutocaine were
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1 plus (erythema); monocaine, larocaine and pontocaine were 2 plus (erythema and edema);
and butyn sulphate was 3 plus (erythema, edema and vesiculation). All the others were
negative. These results fit in exactly with the pattern exhibited by Rothman, Orland
and Flesch's two reported cases. The six local anesthetics which gave positive results
are all esters of para-amino benzoic acid with tertiary or secondary aniines in the side
chain and they are the only such compounds in the group tested.
COMMENT
The results in the two cases are, at first thought, confusing but certainly no
more so than the previously existing facts. Case 2 clearly confirms the findings
of Rothman, Orland and Flesch and lends extra weight to the theory that a group
sensitivity may exist and that sensitization to one member of the group is capable
of causing sensitization to the whole group. This patient had been exposed
to four of this group, and so could conceivably have been independently sensi-
tized to all four but he had definitely never had any contact with tutocaine which
gave a one plus reaction and larocaine which gave a two plus reaction. Ob-
viously, if these positive tests can be interpreted as being indicative of sensiti-
zation to these two substances this sensitization could have occurred only as
a result of the sensitivity to the other members of the group.
On the other hand case 1 shows that such a group sensitivity while it may occur
does not of necessity always occur. The subject is known to have been exposed
to one other anesthetic of the group (procaine) yet he did not become sensitized
to it. He does not react to this member of the group on patch testing or on
accidental contact.
Three possible explanations of this failure to develop a group sensitivity come
to mind. First, that the degree of sensitization to pontocaine is of such a low
order that it has failed to cause sensitization to the rest of the group; second, that
while procaine has the ability to cause sensitization to the whole group, ponto-
caine is incapable of doing this; and third, that the appearance of group sen-
sitization is dependent not oniy on the spatial molecular arrangement of the
chemicals but also to a large extent on the individual exposed to these chemicals.
Rothman and his co-workers called attention to previous reports in the
literature of attempts to demonstrate cross-sensitivity. None of these reports
give any definite information as to the degree of sensitivity of the subjects but
in our case 1 the patient is known to be highly sensitive to pontocaine since
he reacts strongly to it both in patch testing and in accidental contact. Roth-
man, Orland and Flesch's patient apparently was markedly sensitive to all the
members of the group since reactions were demonstrable by leaving the solutions
on for only five minutes while in our case 1 the only chemical which caused a
reaction when used in this manner was pontocaine. That such a degree of
sensitivity should be sufficient to evoke cross-sensitization is suggested by the
fact that this "drop method" of testing was not capable of demonstrating sen-
sitivity in our case 2, yet cross-sensitization occurred in this case. One might
give thought to the possibility of evoking positive reactions with other local
anesthetics by increasing the concentration of the material being tested in case
1 but the very fact that apothesine caused a reaction, in the concentrations
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used, suggests the possibility that other anesthetics, not in the group under
consideration, would also cause reactions if tested in higher concentrations.
The possibility that one member of the group (procaine) is capable of causing
sensitization while another (pontocaine) is, by virtue of some slight molecular
difference, incapable of doing this is an intriguing concept. It is not, however,
borne out by the previously reported facts. These all lend weight to the idea
that whether cross-sensitization to all the members of a chemically related group
will or will not occur is largely inherent in the individual sensitized. Mook
(4) in 1920 reported a patient who reacted to apothesine and novocaine (pro-
caine). It is possible that further testing in that case might have revealed posi-
tive reactions to other local anesthetics similar to procaine but this patient was
clinically sensitive to apothesine. The tests were undertaken because of this,
and the positive reaction to procaine was discovered when the tests were done.
Lane's (5) patient showed absolutely no cross-sensitivity to the substances
tested while James' (6) results are even more confusing. His patient, known
to be sensitized to procaine, gave positive tests of varying degree to procaine
and butyn but failed to react to tutocaine which is also a para-amino benzoic
acid ester with an amine in the side chain. Conversely, this patient gave a
positive reaction to alypin which is not in the same structural group. It should
further be noted that, although Rothman, Orland and Flesch stated that the
length of the side chain made no difference, James' patient gave a positive
reaction to procaine and failed to react to procaine borate. This patient also
reacted positively to diethyl amino ethanol which is essentially only the side chain
of the procaine molecule. The case reported by Greenwood and Quest (7)
gave positive reactions to butyn and procaine. It is possible that if tests had
been made on this patient with other local anesthetics the reactions would
have paralleled those of the two patients of Rothman and his co-workers and
of our case 2.
Consideration of the previously reported cases in addition to the two reported
here seems to make it clear that while sensitization to a group of compounds
with a definite and clear-cut similarity in structural formulae may be evoked
by sensitization to one of the group, it is quite possible that such sensitization
may be confined to the individual compound causing the sensitization. Why
group sensitivity should occur in one individual and specific sensitization occur
in another is still an unanswered question.
In case 1 it is difficult to explain the clear-cut positive reaction to apothesine,
an anesthetic to which the patient had never, to his knowledge, been exposed.
A possible explanation would be that sensitization to pontocaine had caused the
sensitivity to apothesine in a manner similar to that by which sensitization to
the entire group was caused in patient 2. Study of the structural formulae of
pontocaine and apothesine, however, reveals no similarity between these two
which is not shared by other substances which do not give positive reactions.
Unquestionably pontocaine is much more closely allied structurally to many
other local anesthetics than to apothesine.
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SUMMARY AND CONCLUSION
Two cases are reported in each of which the patient had an acquired sensi-
tivity to one of a group of local anesthetics in which each compound consists
of a para-amino benzoic acid ester with a secondary or tertiary amine in the side
chain.
In one of the two patients, sensitivity (as manifested by patch testing) ex-
tended to the entire group and to no other local anesthetic or other similar sub-
stance tested.
In the other, there was no other evidence (clinical or on patch testing) of
sensitivity to others of the group but there was definite evidence of sensitivity
on patch testing to another local anesthetic which had much less structural
relationship to the sensitizing substance.
Sensitization to an entire group of structurally related compounds may occur
as a result of exposure to one of the group but this does not necessarily occur.
The question of whether an individual sensitized to one of a group of related
compounds is sensitive to all of these compounds must still be determined by
patch testing or clinical trial in each individual case.
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